Background: Behavioral economic demand curves measure individual differences in motivation for alcohol and have been associated with problematic patterns of alcohol use, but little is known about the variables that may contribute to elevated demand. Negative visceral states have been theorized to increase demand for alcohol and to contribute to excessive drinking patterns, but little empirical research has evaluated this possibility. The present study tested the hypothesis that symptoms of depression and PTSD would be uniquely associated with elevated alcohol demand even after taking into account differences in typical drinking levels. Method: An Alcohol Purchase Task (APT) was used to generate a demand curve measure of alcohol reinforcement in a sample of 133 college students (50.4% male, 64.4% Caucasian, 29.5% African-American) who reported at least one heavy drinking episode (5/4 or more drinks in one occasion for a man/woman) in the past month. Participants also completed standard measures of alcohol consumption and symptoms of depression and PTSD. Results: Regression analyses indicated that symptoms of depression were associated with higher demand intensity (alcohol consumption when price = 0; R 2 = .05, p = .002) and lower elasticity ( R 2 = .04, p = .03), and that PTSD symptoms were associated with all five demand curve metrics ( R 2 = .04-.07, ps < .05). Conclusions: These findings provide support for behavioral economic models of addiction that highlight the role of aversive visceral states in increasing the reward value of alcohol and provide an additional theoretical model to explain the association between negative affect and problematic drinking patterns.
Introduction
Behavioral economics views drug consumption as operant behavior that is maintained by the reinforcing properties of drugs (Madden and Bickel, 2010; Vuchinich and Heather, 2003) . Persistent overvaluation of drug-related rewards is theorized to contribute to the development of substance use disorders. Behavioral economic approaches to substance abuse attempt to understand the conditions that give rise to the overvaluation and overconsumption of alcohol and other drugs (Rachlin, 2000) , and to develop interventions to reduce the value of drug rewards and increase the value of alternative reinforcers (Higgins et al., 2004; Murphy et al., 2012) .
Behavioral economic researchers typically use a demand curve analysis to quantify the relative value of a reinforcer (Hursh and Silberberg, 2008) . Demand refers to the amount of a commodity sought or consumed by an individual at a given price and, by plotting consumption as a function of price or response cost, a demand curve can be generated that provides a multi-dimensional assessment of the relative value of the commodity. Alcohol demand curves can be generated using in vivo consumption in a laboratory setting using progressive-ratio schedules (Hursh and Silberberg, 2008; Johnson and Bickel, 2006) or by hypothetical alcohol purchase tasks (Jacobs and Bickel, 1999; Murphy and MacKillop, 2006 ) that can be quickly completed in clinical or other settings. Participants' reported consumption level at each price generates both a consumption curve and an accompanying expenditure curve (expenditure plotted as a function of price). These demand and expenditure curves provide multiple indices of the relative value of alcohol that are conceptually related, but nonetheless distinct Murphy et al., 2009) : consumption at zero price (i.e., intensity), the price that reduces consumption to zero (i.e., breakpoint), maximum expenditure (O max ); price associated with maximum expenditure (P max ), and the proportionate slope of the demand curve (elasticity). Demand indices have been psychometrically validated and exhibit good test-retest reliability Few et al., 2011) , close correspondence between choices for hypothetical and actual outcomes (Amlung et al., 2012) , and significant associations with in vivo consumption (MacKillop and Tidey, 2011) .
These indices of alcohol demand are associated with alcohol misuse in both the general population and in young adults. Young adults who attend college report higher levels of alcohol consumption than any other age or demographic group (Hingson, 2010) and some studies have suggested that rates of drinking among college students are rising (Hingson et al., 2009) . Demand curve approaches may be especially relevant as individual difference indices of strength of motivation for alcohol among college student drinkers, who show significant variability in the relative malleability of their drinking patterns (Mackillop and Murphy, 2007) and in long term drinking trajectories (Campbell and Demb, 2008; Littlefield et al., 2010) . Murphy and MacKillop (2006) found that several indices of demand (intensity, O max , and breakpoint) were positively related to average consumption per week, number of heavy drinking episodes, and alcohol-related problems in a college sample. Further, when comparing the lighter drinkers (no heavy drinking in typical week) to the heavier drinkers (at least one heavy drinking episode in typical week), the heavier drinkers had higher values for Intensity, O max , and Breakpoint. Another study found that alcohol demand moderated the relation between impulsivityrelated traits and drinking (Smith et al., 2010) ; negative trait urgency and sensation seeking were associated with alcohol use and problems only among individuals with higher demand for alcohol. Importantly, individual differences in demand curve measures of alcohol reinforcement have also been associated with changes in drinking following a brief motivational intervention for heavy drinking college students. Specifically, drinkers with higher maximum expenditure (i.e., O max ) for alcohol and lower price sensitivity (i.e., high breakpoint, P max , and elasticity) at baseline reported greater drinking six months following the intervention in models that controlled for baseline drinking level (Mackillop and Murphy, 2007) . Thus, individuals with elevated demand may not respond to standard motivational interventions that attempt to highlight the costs and risks associated with drinking. Collectively, these results provide support for the validity of demand curve approaches to characterizing alcohol reward value and suggest that elevated demand for alcohol may be indicative of a more problematic and less malleable drinking pattern, even among students with relatively similar heavy drinking patterns.
Depression and Post-Traumatic Stress Disorder (PTSD) may contribute to elevated alcohol demand
Some behavioral economic models of addiction emphasize the role of visceral factors such as craving or negative affect as an influence on the relative value of drug-related rewards (Laibson, 2001; Loewenstein, 1999 Loewenstein, , 2007 . These aversive visceral states are theorized to shift an individual's preferences among the various behavioral options available, increasing the probability that drinking will be selected over other alternatives (c.f., Shiffman, 2009; Tiffany and Wray, 2009) . Mental health concerns such as depression and PTSD are significant issues among college students (ACHA, 2009; Dawson et al., 2005; Geisner et al., 2004) and both conditions have been linked to higher levels of alcohol use (Edwards et al., 2006; Kilpatrick et al., 2000; Pedrelli et al., 2011; Weitzman, 2004) . Other studies suggest that depression or PTSD symptoms may not be related to drinking level, but may predict levels of alcohol problems McDevitt-Murphy et al., 2010a,b) . Additionally, depression and PTSD have been found to predict poor response to alcohol interventions, perhaps due to the fact that alcohol misuse among persons with depression or PTSD often serves as a maladaptive coping strategy (Geisner et al., 2007; Hien et al., 2000; Kaysen et al., 2007; Ouimette et al., 1998) . Research has also found that although heavy drinking generally decreases after college, the subset of individuals who continue to drink heavily in the post-college years exhibited elevated levels of anxiety and depressive symptoms while in college (Costanzo et al., 2007) . Such findings suggest that high depression and/or anxiety may increase the reinforcing value of alcohol, but to date no research has directly addressed the question of whether or not these symptoms are a unique risk factor for elevated alcohol demand.
One laboratory study examined alcohol reward value following a negative affect manipulation (Rousseau et al., 2011) . Alcohol reward value was measured with a multiple choice procedure (Griffiths et al., 1996) that estimated the monetary equivalent of a standard dose of alcohol through a series of discrete choices between alcohol and specific monetary amounts. There was no main effect for mood state, but among students who reported higher levels of coping-related drinking motives, the negative mood induction increased alcohol reward value. These results provide partial support for the role of an acute negative affective state in increasing alcohol reward value. However, to our knowledge no studies have examined the role of persistent symptoms of negative affect on the relative valuation of alcohol, or examined the relations between negative affect and alcohol reward value using a demand curve measure. Whereas the multiple choice procedure establishes the monetary value of a standard drink, a demand curve analysis provides a dynamic and multifaceted measure of alcohol motivation or reward value that includes both maximum consumption at low price, maximum alcohol expenditures, and the relative price sensitivity of consumption . The goal of the current study was to examine whether symptoms of depression and PTSD are associated with increased alcohol demand. We examined depression and PTSD because these disorders have shown consistent associations with problematic patterns of substance use in a variety of samples. We hypothesized that symptoms of depression and PTSD would show significant positive associations with alcohol demand, and that this relation would not be accounted for by covariates such as gender or drinking levels. Support for this hypothesis would advance behavioral economic models of addiction by identifying unique predictors of alcohol demand within a sample of heavy drinking young adults.
Method

Participants
Participants were 133 undergraduate students (49.6% women, 50.4% men) from a large public university in the southern United States. Students were eligible to participate in if they were at least 18 years old and reported one or more heavy drinking episodes (5/4 drinks on one occasion for a man/woman) in the past month. The sample was ethnically diverse; 64.3% of participants identified as European American, 29.5% as African American, 2.3% as Hispanic/Latino, 2.3% as Native American, 0.8% as Asian, and 0.8% as Hawaiian.
Procedure
All procedures were approved by the university's institutional review board, and all participants provided written informed consent to participate in the study. Data for this study were derived from the baseline assessment of a larger study that examined a brief intervention for heavy drinking college students (for more details, see Murphy et al., 2010) . Participants were recruited from a required universitywide course where they completed a screening evaluation. Eligible students were contacted by phone or email to participate in the clinical trial. Students who agreed to participate were invited to a private research room in the psychology building to complete the assessment battery as part of the baseline assessment for the clinical trial. The study measures were all administered via written self-report and included indices of alcohol and drug use, related consequences, and a variety of possible risk factors for alcohol and drug use (e.g., personality and behavioral economic variables). Students gave written informed consent prior to the screening survey and again before the baseline assessment. Collins et al., 1985) was used to measure weekly alcohol consumption. On the DDQ, participants estimate the total number of standard drinks they consumed on each day during a typical week in the past month. Participants were also asked the number of times in the past month that they engaged in a heavy drinking episode (5/4 drinks for men/women). The DDQ has been used frequently with college students and is a reliable measure that is highly correlated with self-monitored drinking reports (Kivlahan et al., 1990 ).
Alcohol Purchase Task (APT).
Demand for alcohol was measured using the APT (Murphy and MacKillop, 2006) . On this version of the APT participants were presented with a hypothetical party scenario and asked how many drinks they would purchase and consume at 17 different prices. The APT included the following instructions: In the questionnaire that follows we would like you to pretend to purchase and consume alcohol. Imagine that you and your friends are at a party on a weekend night from 9:00 p.m. until 2:00 a.m. to see a band. Imagine that you do not have any obligations the next day (i.e., no work or classes). The following questions ask how many drinks you would purchase at various prices. The available drinks are standard size domestic beers (12 oz.), wine (5 oz.), shots of hard liquor (1.5 oz.), or mixed drinks containing one shot of liquor. Assume that you did not drink alcohol or use drugs before you went to the party, and that you will not drink or use drugs after leaving the party. You cannot bring your own alcohol or drugs to the party. Also, assume that the alcohol you are about to purchase is for your consumption only. In other words, you can't sell the drinks or give them to anyone else. You also can't bring the drinks home. Everything you buy is, therefore, for your own personal use within the 5 hour period that you are at the party. Please respond to these questions honestly, as if you were actually in this situation. Participants were then asked, "How many drinks would you consume if they were each?" ranging from $0 (free) to $3.00 increasing by 50-cent increments, $3.00-$10.00 increasing by $1.00 increments, and $10.00-$20.00 increasing by $5.00 increments. Participants completed three versions of the APT that differed as a function of next-day responsibility (no responsibility, next day class, next day test; see Skidmore and Murphy, 2010) . The present analyses focused on the demand curves generated from the no-responsibility condition, which was always administered prior to the next-day class/test conditions and most closely resembles the standard demand curve measures that have shown associations with alcohol-related problems in other research studies.
Demand curves are generated by plotting participants' reported consumption as a function of price. Expenditure estimates are computed by multiplying reported consumption by each of the 17 price values, and are also plotted as a function of price. The resulting demand and expenditure curves yield four indices which can be observed directly from the consumption or expenditure data. These include: (a) intensity of demand: consumption when drinks are free, (b) Omax: greatest expenditure value, (c) Pmax: the price associated with Omax at which demand becomes elastic, and (d) breakpoint: the first price at which consumption is 0.
In addition to these indices observed from the raw alcohol consumption and expenditure data, demand curves were fit to the alcohol consumption responses for each participant using an equation to generate estimates of elasticity of demand, which cannot be observed from raw data. It is derived from the following exponential equation (Hursh and Silberberg, 2008) : log Q = 1og Q0 + k (e −␣P -1). In this equation, Q represents the quantity consumed, Q0 represents consumption at price = 0, k specifies the range of the dependent variable (alcohol consumption) in logarithmic units, P specifies price, and ˛ specifies the rate of change in consumption with changes in price (elasticity). The value of k is constant across all curve fits. For the current study, k = 2.834, which is the value that was derived when the sample mean consumption values were fit to the equation Hursh and Silberberg (2008) recommend holding k constant to allow for individual differences in elasticity to be scaled with a single parameter (˛) which is standardized and independent of the magnitude of the reinforcer. Larger alpha values reflect more elastic demand (greater price sensitivity). Demand curves were fit using the calculator provided on the Institute for Behavioral Resources website (http://www.ibrinc.org/index.php?id=70) which is based on Hursh and Silberberg (2008) . When fitting the data to the equation zero values (which cannot be log transformed) were replaced by an arbitrarily low but nonzero value of .01 (Jacobs and Bickel, 1999) .
Center for Epidemiologic Studies Depression Scale (CES-D).
Depressive symptoms were measured using the Center for Epidemiological Studies Depression Scale (CES-D; Radloff, 1977) . Participants are given 20 statements (e.g.,"I had crying spells") and rate how often in the past week they have felt that way ranging from 0 = Rarely or none of the time (less than 1 day) to 3 = Most or all of the time (5-7 days). Four of the items are reverse scored (e.g., "I was happy"). The CES-D has been shown to be reliable for assessing depressive symptoms across racial, gender, and age categories (Knight et al., 1997) . Internal consistency for CES-D in this sample was .84.
Trauma History Screen (THS).
The THS (Carlson et al., 2011) was used to assess traumatic experiences. The THS queries about lifetime exposure to 14 potentially traumatic events and further assesses criterion A for PTSD as specified in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV-TR; APA, 2000) through the inclusion of four dichotomously (Yes/No) rated questions: two that inquire about actual or threatened physical harm ("When this happened, did anyone get hurt or killed?" and "When this happened were you afraid that you or someone else might get hurt or killed?") and if the person's response involved intense fear, helplessness, or horror ("When this happened did you feel very afraid, helpless, or horrified?"). The THS has demonstrated adequate reliability and convergent validity in a range of samples including college students (Carlson et al., 2011) .
2.3.5. Primary Care PTSD Screen (PC-PTSD). The Primary Care-PTSD Screen (PC-PTSD; Prins et al., 2003 ) is a 4-item screening questionnaire designed to screen for PTSD. Items assess symptoms related to re-experiencing, avoidance, hyperarousal, and numbing. Each item is rated dichotomously (Yes/No) and a total score of 3 or 4 is considered a positive screen. The PC-PTSD has been shown to have good psychometric properties in a variety of settings (Bliese et al., 2008) . In this study, only participants who reported having experienced a traumatic event consistent with the DSM-IV definition of a trauma on the THS were asked to complete the PC-PTSD items (n = 91 or 68.4% of the sample). Prins et al. (2003) found the PC-PTSD demonstrated sound psychometric properties with sensitivity of .78 and specificity of .87 using a cutoff score of 3. Internal consistency for PC-PTSD in this sample was .67.
Data analysis plan
All outliers were corrected using Tabachnick and Fidell's (2001) recommendations, in which any values greater than 3.29 SDs above the mean were changed to one unit greater than the greatest non-outlier value. Additionally, variables that were skewed or kurtotic were transformed using square root transformations.
Pearson correlations were used to analyze the bivariate associations between alcohol consumption, symptoms of depression, symptoms of PTSD, and the demand curve indices of alcohol reinforcing efficacy. Finally, separate hierarchical regression analyses that controlled for gender, ethnicity, and alcohol consumption (weekly drinking) were run. Controlling for drinking allowed us to determine if there was a unique relation between the mood variables and alcohol demand.
Results
Descriptive statistics and adequacy of demand curve model fit
Descriptive data for all variables are included in Table 1 . Thirtyfour percent of participants (n = 44) exceeded the threshold of 16 that has been used to indicate high depressive symptoms (Radloff, 1977) and 19.8% (n = 17) of participants screened positive for PTSD (based on a cut score of 3 on the PC-PTSD). As described above, elasticity estimates were generated with an exponential demand curve equation (Hursh and Silberberg, 2008) . This equation provided an excellent fit (R 2 = .98) for the aggregated data (i.e., sample mean consumption values), but only an adequate fit to individual participant data (mean R 2 = .60). Although there is no accepted criterion for adequacy of demand-curve fit, and R 2 may not function well as a measure of curve fit with nonlinear models (Johnson and Bickel, 2008) , the authors used a similar criterion as Reynolds and Schiffbauer (2004) and only included elasticity values for analyses when the demand equation accounted for at least 30% of the variance in the participant's consumption (40 participants were excluded from the elasticity analyses, but not the other analyses, for this reason). There were no significant demographic differences between participants with and without valid elasticity values, but participants without valid values reported lower weekly drinking levels, t (131) = −2.56, p = .003. An examination of the data revealed that the poor curve fits were often due to having very few non-zero consumption values on the APT.
3.2.
Associations between alcohol use, symptoms of depression, symptoms of PTSD, and alcohol demand Table 1 includes bivariate correlations among the study variables. Neither depression nor PTSD symptoms were directly associated with alcohol consumption (weekly drinking or heavy drinking). Depression and PTSD symptoms demonstrated modest but significant positive correlations with one another, and the demand indices were strongly related to one another. Of the demand indices, Table 1 Pearson correlations among alcohol consumption (drinks per week and binge episodes), mood (depression and PTSD symptoms), and alcohol demand (intensity, breakpoint, Omax, Pmax, and elasticity). intensity, O max and elasticity demonstrated the strongest and most consistent associations with the alcohol consumption variables. Depression symptoms were significantly associated with intensity and elasticity; greater depression was associated with greater maximum consumption and more inelastic demand for alcohol (less price sensitivity). PTSD symptoms demonstrated significant associations with all demand indices other than intensity in the hypothesized direction. To illustrate the relations between alcohol Fig. 1 . The top panel depicts the mean (±1 standard error of the mean; SEM) number of drinks (hypothetical) that students with lower depression (n = 87) and higher depression (n = 44) would purchase as a function of price plotted in conventional double logarithmic coordinates for proportionality. Depression categories were determined by the CES-D cut off score of 16. The bottom panel depicts the mean (±1 SEM) expenditure on drinks (hypothetical) at each price by students with lower and higher depression plotted in conventional double logarithmic coordinates for proportionality. Fig. 2 . The top panel depicts the mean (±1 SEM) number of drinks (hypothetical) that students with (n = 17) and without (n = 69) a PTSD positive screen would purchase as a function of price plotted in conventional double logarithmic coordinates for proportionality. PTSD categories were based on a cut-score of 3 on the PC-PTSD. The bottom panel depicts the mean (±1 SEM) expenditure on drinks (hypothetical) at each price by students with and without a PTSD positive screen plotted in conventional double logarithmic coordinates for proportionality.
demand and the dichotomous measures of depression and PTSD, Figs. 1 and 2 plot alcohol demand and expenditure curves for individuals who scored above and below the threshold for depression and PTSD, respectively. Curves are plotted in double log coordinates to illustrate differences in the slopes (elasticity) of the curves.
3.2.1. Hierarchical regression analyses. In models that controlled for alcohol consumption, gender, and ethnicity, higher levels of depression symptoms significantly predicted higher demand intensity, R 2 = .05, F(4, 128) = 17.70, p = .002 and lower elasticity, R 2 = .04, F(4, 96) = 6.04, p = .03 (see Table 2 ). Similarly, increased number of PTSD symptoms significantly predicted higher demand intensity, R 2 = .04, F(4, 88) = 15.82, p = .01, greater maximum expenditure (O max ), R 2 = .06, F(4, 88) = 14.22, p = .006, greater maximum inelastic price (P max ), R 2 = .07, F(4, 87) = 3.13, p = .01, higher prices at breakpoint, R 2 = .04, F(4, 88) = 4.43, p = .05, and less sensitivity to increasing prices (elasticity), R 2 = .05, F(4, 67) = 3.66, p = .05 (see Table 2 ).
Discussion
This study used a behavioral economic demand curve approach to investigate whether young adult heavy drinkers with symptoms of depression or PTSD exhibited greater alcohol reward value. Depressive symptoms were associated with greater consumption levels when drinks were free and with more inelastic demand. PTSD symptoms were associated with elevations on all five-demand metrics. Importantly, these effects were present in models that controlled for typical drinking level (as well as gender and ethnicity), which suggests that the association between these mood-related symptoms and elevated demand is not merely a product of greater typical drinking levels. It is interesting that symptoms of depression or PTSD were not associated with participants' reports of their typical weekly drinking levels. This may be due in part to limited variability in alcohol consumption related to the study eligibility requirements (all participants reported pastmonth heavy drinking), but may also suggest that both psychiatric symptoms and elevated demand are associated with elements of alcohol-related pathology that are at least partially distinct from Table 2 Hierarchical regression analyses examining number of depression and PTSD symptoms predicting alcohol demand (intensity, breakpoint, Omax, Pmax, and elasticity). a Predictor
Reinforcing efficacy indices elevated weekly alcohol consumption. Indeed, previous research suggests that individuals with symptoms of depression or PTSD may incur more harm associated with their drinking, relative even to students drinking similar amounts of alcohol McDevitt-Murphy et al., 2010a,b) . Prior research also indicates that demand curves are related to alcohol problems even after controlling for consumption levels , an effect that is partially mediated by drinking to cope with stress (Yurasek et al., 2011) .
Although more research is needed to determine the clinical implications of elevated demand (Mackillop and Murphy, 2007) , laboratory and theoretical behavioral economic research suggests that elevated demand reflects stronger and more persistent motivation to consume the substance (Hursh and Silberberg, 2008) , and the present results suggest that there is meaningful variability in demand even among heavy drinkers. Thus, the present results may help to explain the elevated risk for alcohol problems and poor treatment response observed among drinkers with depression or PTSD (Geisner et al., 2007; Hien et al., 2000; Kaysen et al., 2007) . Student drinkers with elevated symptoms of depression or PTSD may resist changing their level of consumption in the face of increasing price contingencies more so than other students (Rousseau et al., 2011) , perhaps suggesting that the negatively reinforcing properties of alcohol are more salient than the response cost associated with excess drinking. In addition to the potential for negatively reinforced drinking, it is also possible that drinkers with symptoms of PTSD or depression, both of which are often associated with social deficits, are especially reliant on alcohol as a means of social facilitation (Cooper et al., 1995; Kirchner et al., 2006; Read et al., 2003) . PTSD and depression are also characterized by myopia (Dalgleish et al., 1997; Gonzalez et al., 2011) , which may lower the influence of future economic considerations (e.g., savings, credit card bills) on drinking decisions.
Although the present study used monetary price contingencies, behavioral economic theory defines price broadly to include the overall response cost associated with drug acquisition (DeGrandpre and Bickel, 1996; Murphy et al., 2007) . This includes the monetary price of drinks as well as non-monetary elements of response cost such as the effort required to obtain alcohol and probabilistic risks associated with drinking (e.g., potential for alcohol-related citations or arrests, accidents or injuries, hangovers, missed class, lower grades, long term-health effects and/or dependence). Future prospective research is needed to investigate the possibility that the lack of sensitivity to monetary price contingencies evidenced by drinkers with symptoms of depression or PTSD may reflect a more general lack of sensitivity to the escalating psychosocial and health costs associated with drinking. If so, this would suggest that drinkers with negative affect might be less likely to reduce their drinking when faced with these adverse outcomes or costs (Costanzo et al., 2007; Geisner et al., 2007) . Indeed, previous research indicates that elevated demand is associated with poor response to a brief motivational intervention that attempts to highlight the costs of heavy drinking (Mackillop and Murphy, 2007) . This sample included a large number of students who were under age 21 and may drink primarily at college parties where alcohol is often free or inexpensive. Should their relatively inelastic demand persist after they turn 21 and they begin to drink in restaurant and bar settings, they may be at elevated risk for persistent or increased drinking even in the face of greater drink prices. Similarly, students with symptoms of depression or PTSD may be less sensitive to prevention efforts that are aimed at increasing drink price (e.g., eliminating drink specials and access to low cost alcohol; Toomey et al., 2007) .
Although future research is needed to determine the specific implications of these indices on patterns of drinking over time, high demand intensity may reflect a greater relative risk for negative consequences associated with extreme consumption. Students with elevated symptoms of depression or PTSD symptoms may be at especially high risk in situations where large quantities of alcohol are available at very low prices, such as at keg parties or other occasions where the drinker does not have to purchase his or her drinks (e.g., 21st birthday or other celebrations where friends may purchase drinks; Lewis et al., 2009) . Thus it may be particularly important for college drinkers who have co-occurring mood-related symptoms to avoid this type of drinking occasion, or to implement moderation strategies . Ele-vated demand on the variables related to expenditures and price sensitivity (breakpoint, P max , O max , and elasticity) may not be associated with acute risk for harm, but it may suggests a willingness to spend large quantities of money on alcohol, and research with adult problem drinkers suggests that excessive relative monetary allocations towards alcohol may predict a more chronic and severe pattern of drinking (Tucker et al., 2002 (Tucker et al., , 2009 .
This study has several relevant limitations, including the crosssectional design. Future longitudinal research is needed to establish a more conclusive causal model of mood, alcohol demand, and patterns of drinking over time. Additionally, although we used well-validated measures, future research should consider the use of interview-based measures of depression and PTSD diagnosis, and measures of alcohol demand based on actual consumption and expenditures obtained in laboratory or naturalistic setting. Another limitation is that we were unable to compute elasticity values for 40 participants due to poor curve fits. These were primarily relatively lighter drinkers who did not report enough non-zero consumption values on the APT to generate a good curve fit. Although their other demand metric values were valid, future research should consider including more low-price values on the APT in order to increase curve fits with relatively lighter drinkers. Finally, the sample was limited to students who were recruited from a single university and who reported heavy drinking within the past month.
Despite these limitations, our findings provide a conceptual and empirical bridge between the behavioral economic and the alcohol-mood disorder comorbidity literatures and suggest that symptoms of depression and PTSD may contribute to an overvaluation of alcohol rewards in high-risk young adult drinkers. The fact that PTSD symptoms showed a more robust pattern of associations with the demand metrics is consistent with previous research indicating that PTSD may pose greater risk for substance misuse than other forms of psychopathology (McDevitt-Murphy et al., 2010a,b; Ouimette et al., 1998) and suggests that young adult drinkers with PTSD symptoms are an especially high risk population. These findings also provide support for behavioral economic models of addiction that stress the importance of visceral states such as negative affect in the over-valuation of drug rewards (Laibson, 2001; Loewenstein, 2007) .
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